Synthesis of Ni/mesoporous silica-alumina (MSA) with silica from Sidoarjo mud using bovine bone gelatin as a template and its activity for hydrocracking of waste lubricant have been investigated. Nickel was loaded onto MSA using wet impregnation (WI) and ion exchange (IE) method. MSA-100 has optimum thermal stability, the acidity of 72.89 mmol/g, the pore diameter of 3.37 nm, the surface area of 230.73 m 2 /g, and a pore volume of 0.87 cm 3 /g. Ni content of MSA-100 (WI) and (IE) was 0.48 and 0.08 wt.%, respectively. Ni/MSA-100(IE) produced the highest amount of liquid with gasoline and diesel content of 49.05 and 14.09 wt.% on hydrocracking of waste lubricant.
INTRODUCTION
The waste lubricant was contained heteroatom of poly-aromatic compounds. These poly-aromatic compounds were considered as toxic compounds for environmental. Upgrading of waste lubricant into fuel is an effective way to prevent environmental pollution from disposal of waste lubricant 1 . Nickel metal had been reported as a high activity catalyst for hydrocracking reaction 2 . However, the application of Ni metal directly as a catalyst is not effective because sintering and agglomeration often occur along the hydrocracking process. The sintering and agglomeration of metal can be prevented by impregnation of the metal onto support material that has a high surface area such as mesoporous materials. The research of mesoporous material has attracted attention due to the properties of mesoporous material such as porosity, high surface area, chemical stability and wide applications for adsorbent, catalyst or catalyst support such as MCM-41 3 , SBA-15 4 , mesoporous carbon 5 , and mesoporous silica 6 . Mesoporous silica can be synthesized from various silica sources such as tetraethyl orthosilicate (TEOS) and sodium silicate 3 . As an alternative, mesoporous silica can also be synthesized from silica extracted from natural source 7 . Al Ifah et al 3 reported that MCM-41 had been successfully synthesized using silica from Sidoarjo mud and gelatin extracted from bovine bone as a mold or template. The catalyst that is used for hydrocracking reaction should have high acidity. Transition metals play an important role in acidity properties of catalysts by providing acid sites 8 . However, mesoporous silica as support material has only weak acid sites. Therefore, the addition of Al atom in the framework of mesoporous silica can increase the acidity. High acidity mesoporous silica-alumina (MSA) was more potential than that of mesoporous silica to be used as catalyst support for hydrocracking reaction. In present work, Ni metal was loaded on mesoporous silica-alumina synthesized using silica from Sidoarjo mud and bovine bone gelatin. The loading of Ni metal was carried out using a wet impregnation (WI) and ion exchange (IE) method. The effect of Ni metal loading method toward catalytic activity and selectivity for gasoline and diesel production was evaluated. Ni 
Instrumentation
Surface area analyzer (Quantachrome NovaWin Series) was utilized to determine the surface parameters (surface area, pore-volume, and pore diameter) of the samples. The determination was based on physical adsorption of N 2 gas on pores of the material at 77.3 K. Pore images of material were taken using TEM (JEOL JEM-1400) at accelerating voltage of 120 kV. The functional groups of the samples were determined using FTIR spectroscopy (Shimadzu Prestige-21) which is equipped with data station in the range of 400-400 cm -1 with a KBr disc technique. The pore disruptors in the samples were removed by the evaporating process at 300 0 C for 3 h. The produced liquid from hydrocracking of waste lubricant was analyzed using GC-MS (Shimadzu QP2010S) with a column diameter of 0.25 mm, length of 30 m, the thickness of 0.25 µm, He as a carrier gas, the temperature of 60-310 0 C, and acceleration voltage of 70 Ev.
Extraction of Silica from Sidoarjo Mud
Sidoarjo mud was dried at 100 0 C and sifted to 100 mesh. The mud was refluxed with 6 M HCl solution at 90 0 C for 3 h. The residue of mud was rinsed with demineralized water and refluxed again with 6 M NaOH solution for 16 h at 90 0 C. The filtrate was titrated using 3 M HCl solution until the acidity reached pH 8. The solid formed on the filtrate was filtered, rinsed with demineralized water, and dried at 100 ℃ for 24 h. The SiO 2 was analyzed by FTIR spectroscopy.
Extraction of Gelatin
Bovine bone was cleaned and rinsed with demineralized water. The bovine bone was soaked in 4% acetic acid solution (1:2, w/v) for 3 days. The bovine bone was then pretreated with 0.1 M NaOH solution for 24 h and 1.0 M HCl solution for 1 h. The pretreated bovine bone was refluxed with demineralized water at 70 0 C for 5 h. The filtrate was dried at a temperature of 50 0 C and the formed gelatin was analyzed by FTIR spectroscopy.
Synthesis of Mesoporous Silica-Alumina (MSA)
The bovine bone gelatin was dissolved in demineralized water. The gelatin solution was stirred and heated at 40 0 C for 30 min. The gelatin solution was added with Al 2 O 3· Na 2 O and stirred for 30 min (solution 1). In another beaker, SiO 2 was dissolved in 1.5 M NaOH solution (mole ratio of 1:2) to form a sodium silicate solution. The sodium silicate solution was stirred and heated at 40 ºC. The acidity of sodium silicate solution was adjusted to pH 4 by addition of 0,1 M H 2 SO 4 solution (solution 2). The solution 2 was dropwise added to the solution 1 and the mixture was stirred for 24 h. The formed gel solution was hydrothermally treated at 100 0 C for 24 h. The formed solid was filtered, rinsed with demineralized water, dried at 80 0 C over night, and heated at 550 °C for 5 h. The MSA was analyzed by TEM, GSA, and FTIR. MSA synthesized in this work had a Si/Al mole ratio of 25, 50, and 100.
Acidity Determination
The acidity of the MSA and Ni/MSA catalyst was determined by addition of the ammonia gas stream into the sample at vacuum condition at room temperature for 24 h. The acidity value of the MSA and Ni/MSA catalyst was calculated using the following equation:
Loading of Ni Metal on MSA
The Ni metal was loaded on the MSA using wet impregnation (WI) and ion exchange (IE) method. After loading, the catalysts were dried at 70 0 C for 24 h. At the end of the metal loading process, the catalysts were reduced under H 2 gas stream at 450 0 C for 3 h. NiCl 2 solution used in this work contains Ni metal of 1.00 wt%. Amount of Ni metal loaded on the MSA was analyzed by ICP.
Catalyst Activity Test
The catalysts activity test of the Ni/MSA were carried out using stainless steel microreactor of semi-batch system for hydrocracking of waste lubricant. The hydrocracking process was carried out under H 2 gas stream (10 mL/min) at 450 0 C for 3 h. The catalyst/waste lubricant weight ratio was about 1/100. The liquid products were analyzed using GC-MS. The FTIR spectra of silica extracted from Sidoarjo mud are presented in Fig.-1(b) . In the general, absorption peaks appearing on the IR spectra of silica are silanol (Si-OH) and siloxane group (Si-O-Si).
RESULTS AND DISCUSSION

Characterization of Silica from Sidoarjo Mud
The absorption peak at 470 cm -1 corresponds to bending vibration of Si-O-Si bond. The absorption peak at 1095 and 802 cm -1 correspond to the asymmetric and symmetric stretching vibration of Si-O bond on silanol group 9 . Absorption peak, which corresponds to O-H bond on silanol group, arise at 3448 cm -1 10 .
The absorption peak at 1653 cm -1 refers to bending vibration of H-O-H bond from water molecule absorbed on the silica surface. Interpretation of the FTIR spectra in Fig. 1 indicates that silica had successfully extracted from the Sidoarjo mud. Figure-1 (a) presents FTIR spectra of bovine bone gelatin extracted in this work. Basically, IR spectra of gelatin have 5 absorption peaks of the amide group, namely amide A, amide B, amide I, amide II, and amide III 11 . The absorption peak at 3410 cm -1 is amide A and it refers to stretching vibration of N-H and O-H bonds. Absorption peak arises at 2924 cm -1 is amide B and it refers to stretching vibration of CH 2 . Amide I at 1658 cm -1 corresponds to stretching vibration of C=O bond and bending vibration of N-H bond. Amide II at 1550 cm -1 corresponds to stretching vibration of CN bond and bending vibration of N-H bond. Amide III at 1242 cm -1 refers to deformation of NH from amide linkage and stretching vibration of CN 12 . 14 . After the calcination process, the absorption peak of stretching vibration of T-O-T bond on MSA-25 and MSA-50 shifted to 1080 cm -1 . This absorption peak is related to the stability of MSA framework 15 . The shifting of the absorption peak of stretching vibration of T-O-T indicates thermal stability of MSA-25 and MSA-50 are lower than MSA-100. Table-1 presents the acidity of the MSA. The acidity of MSA was determined gravimetrically by the adsorption method of ammonia vapor at vacuum condition. The highest acidity is obtained by MSA-100. It indicates that MSA-100 is better to be utilized as support material for Ni metal catalyst than MSA-25 and MSA-50 16 . Moreover, MSA-100 has the highest thermal stability. These properties were used as the basis for choosing MSA-100 as support material. A TEM micrograph of MSA-100 is presented in Figure-3(a) . The TEM micrograph indicates that the pore size of the synthesized MSA in this work is not uniform. It is because bovine bone gelatin used on the synthesis of MSA has wide molecular weight range 17 . Figure-3 (b) presents adsorption-desorption isotherm of N 2 on MSA-100. The isotherm pattern is indicated as type IV isotherm and the hysteresis type of MSA-100 can be classified as H3 type, which is typical of mesoporous material according to the IUPAC classification. The MSA material has BJH desorption pore diameter of 3.37 nm, BET surface area of 230.73 m 2 /g, and a total pore volume of 0.87 cm 3 /g. The result indicates that bovine bone gelatin has played a role as a non-ionic template to form the MSA. Catalysts activity test were carried out using catalysts synthesized in this work as well as thermal hydrocracking. Products distributions of the hydrocracking of waste lubricant was presented in Fig.-4 . The highest quantity of liquid product was produced in the hydrocracking of waste lubricant using Ni/MSA-100(IE) catalyst, while the lowest quantity of liquid product was produced in the thermal hydrocracking of waste lubricant. This result makes sense because the thermal hydrocracking was taken place via a free radical mechanism that can produce more gas product than liquid product 19 . The increase of the quantity of a liquid product in hydrocracking of waste lubricant using the catalysts can be explained due to their acidic properties. The catalysts synthesized in this work have Lewis acid sites from the Ni metal and BrØnsted acid sites of the MSA. These acid sites were able to hydrocrack the waste lubricant via carbonium intermediate. Initiation of hydrocracking reaction can occur by proton addition (BrØnsted acid) or removing hydrogen anion by Lewis acid that can convert olefinic linkage into an on-chain carbonium 20 . The carbonium chain might be broken up and form short-chain hydrocarbon compounds. These short-chain hydrocarbon compounds can be a gas product (C 1 -C 4 ), gasoline (C 5 -C 12 ), diesel (C 13 -C 18 ) or others (>C 18 ). In Fig.-5 , it can be observed that hydrocracking of waste lubricant using the catalysts produced a higher amount of fuel fraction (gasoline and diesel) than thermal hydrocracking. The highest amount of gasoline and diesel was obtained by using Ni/MSA-100(IE) catalyst. According to the acidity test result, Ni/MSA-100(WI) catalyst has a higher acidity property than Ni/MSA-100(IE). It leads to the fact that further cleavage of fuel product (gasoline and diesel) had happened and more gas product was obtained by using
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